-Cl-Tyr substituted KSI variants with a D40N mutation were prepared, with the additional mutations made to the KSI amino acid sequence to facilitate semisynthesis as described in the main text. The D40N mutation was also inserted to enable tight binding to and thus active site titration with the inhibitor equilenin.
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constants that increased linearly with enzyme concentration, that were ~7-fold lower than those observed with protiated 5(10)-EST (Figure S12A-C), and these rate contants were the same, within error, as the second phase of the reactions of protiated 5(10)-EST in D 2 O (not shown).
The rate constants obtained upon adding substrate that had been incubated with either H 2 O alone or 1 mM NaOH in H 2 O for 18 minutes agreed within 3% ( Figure S12D ), further indicating that incubating substrate with strong base did not result in the formation of side products that inhibited or otherwise perturbed the enzymatic reaction. (1) Kraut Reaction schemes depicting an inactivating protonation (pK a E,1 or pK a E·S,1 ) and an inactivating deprotonation (pK a E,2 or pK a E·S,2 ) under subsaturating (A) or saturating (B) conditions. C,D) pHdependent activity measurements with 5(10)-EST under subsaturating (C) and saturating conditions (D). Data were collected as described in Materials and Methods and fit to the reaction schemes in (A) and (B). Open and closed symbols represent substrate concentrations of 4.7 µM and 9.4 µM used to measure subsaturating activity and 300 µM and 600 µM used to measure saturating activity, respectively. The following buffers were used: sodium acetate (circles), sodium succinate (right triangles), sodium phosphate (squares), sodium tricine (diamonds), Tables 1 and 2 respectively. replicates. Data were collected and fit to a quadratic binding isotherm as described in Materials and Methods. Affinities determined from fits to the data presented are given in Table S6 .
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Conditions: 10 mM potassium phosphate, 0.1 mM sodium·EDTA, µ = 100 mM (KCl), pH 7. Table S7 . Conditions: 10 mM potassium phosphate, 0.1 mM sodium·EDTA, µ = 100 mM (KCl), 5% DMSO (v/v) pH 7.2. 0.9 ± 0.2 50 ± 6 a Conditions: 40 mM potassium phosphate, 1 mM EDTA, 2% DMSO (v/v), pH 7.2. Standard deviations are from 3-4 independent experiments using different enzyme concentrations, each using nine different substrate concentrations varied in two-fold increments from 2.3 to 600 µM. Enzyme concentrations ranged from 5 to 60 nM for tyrosine and fluorotyrosine containing KSI variants, and from 30 to 180 nM for 3-chlorotyrosine containing KSI.
Table S4. Michaelis-Menten Parameters for Isomerization of 5-AND by Semisynthetic KSIs a
Residue at position 16 2-F-Tyr 6.2 ± 0.5 3-F-Tyr 6.6 ± 0.8 2,6-F 2 -Tyr 7.1 ± 1.9
3-Cl-Tyr 7.5 ± 0.8 a Conditions: 0.1 nM EqA488-1, 10 mM potassium phosphate, 0.1 mM sodium·EDTA, µ = 100 mM (KCl), pH 7.2. Enzymes contain the D40N mutation, as well as the mutations R15K/D21N/D24C/Y32F/C69S/C81S/C97S as described in the main text. Standard deviations are from 4-12 independent replicates. 41 (s, 9 H) . 13 2-((tert-butoxycarbonyl)amino)-3-(3-fluoro-4-hydroxyphenyl) propanoic acid (NBoc-3-fluorotyrosine). 1 
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(S)-
(S)-2-((tert-butoxycarbonyl)amino)-3-(3-chloro-4-hydroxyphenyl)propanoic acid (N-
Boc-3-chlorotyrosine). 1 -butoxycarbonyl)amino)-3-(4-((tert-butyldimethylsilyl) 
(S)-2-((tert
